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Frn rriTp ^ ind Dcviao ff'- ^^•^ yfn" Mnfflllh'* tP of the Toothfcd Gtarn at a fianrbo* -, 

Ba^KgrQT^g^4.pf the Invention 
^^The inveixtion relates to a process and a device for the fine machining of the toothed gears 
^J^^ < ofagearbo^K 

The desire for weight reduction and noise reduction in motorized vehicles necessitates 
that also the gearboxes are manufactured more carefully and precisely. This leads to the 
necessity of having the gear teeth of gearbox gears, which until now had been often only 
shaved in the soft state and then hardened, undergo fine machining after hardening. 

In conventional designs of today's manual shift transmissions, more than 70% of all 
toothed gears are disc-shaped, that is, the diameter is larger than the widths and they 
usually have a cylindrical boring. 

The commonly and widely used technology for the manuflacture of such typical 
transmission gears of motorized vehicles is ^us fhe^fotlowing process: 


~ machining of the unmachined part on a lathe, boring with grinding allowance, 

— rough forming of the gearing in the soft state with moimting in the pre-worked boring, 

— hardening 

— clamping of the gear in the teeth and grinding of the boring 

— clamping of the gear in the boring and grinding of the teeth 

Both steps of the hard-fine machining are relatively elaborate and therefore expensive. 
That is also a reason why today still much gearing is shaved in the soft state to the 
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finished dimensions instead of being hard fine-machined« The distortions produced 
during hardening are reluctantly accepted, while one attonpts to minimize them using all 
possible countenTieasures. As mentioned, however, in many modem transmissions, such 
gears which have only been shaved do not meet the requirements anymore. 

The boring cannot remain without hard fine-machmmg, since mostly such'a gear is 
guided with needle bearings on the gear shaft which requires a very precise and fine 
boring surface. For the machining of the boring, the workpiece is normally clamped in 
the pre-worked gearing to guarantee a good circular running to, the boring. Precisely this 
clamping in the gearing, however, is delicate and expensive. It is not only that the means 
for the clamping of each gear have to be manufactiu*ed separately, but also that due to 
their complexity and tendency to become dirty and^deteriorate they are not liked in mass 
production. 

A good circular running is in all cases necessary, regardless of whether or not the teeth 
are haid-fme machined afterwards. Tf, however, ia hard fine-machining of the teeth is 
provided^ then again an expensive clamping means for a highly precise fixing in the 
boring is necessary. Such clamping means are mostly designed as hydraulic expandable 
clamping arbor with a cylindrical mounting 2one. 

SttmmiBY of the Invention 
It i^'l^ object of the present invention to disclose a process and a device with which the 
hard fine^m^hining of the transmission gears of motorized vehicles can be rationalized 
and improved^^td^hidi manages with far simpler and less expensive clamping means. 

Accordii^to the invention, the machining of die teeth and of the boring of gears is 
perforaied irhtl^e same fixing and simultaneously. In doing so, the fixing of the 
workpiece is desigh^ in such a way that the surfaces to be machined rem a in fi-eely 
accessible to the appropriate tool$. Besides the time savings in the manufacturing, in 
doing so, automatically a mhumum mnout between the boring and the gearing is 


achicvedisAlso the expensive fixing means for clamping the worlq)iece in the gearing as 
well as there^er in the boring for the grinding of the gearing are eliminated. 

The implementation of the process according to the invention is made possible thanks to 
several specific characteristics on disc-shaped gears* as can be found in, for example, the 
transmission^f motorized vehicles, and the availability of the continuous generating 
grinding processyhich requires a rapid and continuous rotation of the worlq^iece for the 
machining process, Tl\e rotational movement is used simultaneous with the machining of 
the gear in order to macmh^the boring in a known manner, for example, through internal 
grinding or honing. \^ 

As mentioned above, according to current practice, the hardened workpieces are in most 
cases clamped in the gearing for the grinding of the boring. This is mainly for 
manufacturing-related teclinical reasons. On the one hand, such workpieces can hardly 
be fixed differently for this machining; on the other hand, the hard machining of the 
gearing to follow it is an elaborate and expulsive process, and therefore one attempts to 
keep the machining allowance as small as possible. In order to obtain a proper grinding 
of all of the tooth flanks despite small machining allowance, it is thus necessary to 
machine the boring as precisely as necessary running concentric to the pre-tnachined 
gearing. It is obvious that the precision of such a clanq>ing in the gearing has its limits^ 
since the distortions by hardening cannot be avoided. Clearly functional reasons speak 
for the hig^y precise fixing of the workpieces in the boring for the fine machining of the 
gearing; it is exactly here where the running quality of the gear is to be produced. 

If the woricpiece is fixed in such a way that the gearing and the boring can be machined 
simultaneously, one can avoid the highly precise mounting because a perfect circular 
mnning between both of the fimctional surfaces is automatically produced « 

Such a mounting can be achieved if both chamfers of the boring or one chamfer and a 
plane surface or the outer surface of a hub or a collar of the workpiece is used for 
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catering by means of fitting centering pieces, wherein at least the centering piece on the 
side of the boring machining tool must have a ttirough-boring. 

Brief Description of the Drawings 
In the following, embodiment examples of the invention are explained with reference to 
the drawings in which: 

Fig, 1 shows one version of the arrangement of the machine components for the 

implementation of the process according to the invention. 

Fig. 2 shows an enlarged cross-section from the. i] lustration according to Fig- 1 . 

Fig. 3 shows a version of a workpiece fixing with planar-side support and centering over 

a chamfer of the boring. 

Fig, 4 shows a version of a workpiece fixing similar to Fig. 3, however* with exchanged 
centering pieces. 

Detailed Description of the Preferred Embodiments 
Fig. 1 shows a first embodiment of the invention. On a continuously working gear 
grinding machine with workpiece slide 1, spindle head 2 with workpiece spindle 3 and 
tailstock 4, the workpiece 6 is ground in its gearing 7 by means of a worm -shaped 
profiled grinding wheel 5 and simultaneo\isly in its boring 8. The wor1q)iece 6 is 
mounted between the driven centering 9 acting as a driver which is clamped in the 
woilqplece spindle 3, and the idle tailstock centering 10. For the movements of the tool 
1 1 on the inner grinding spindle 1 2 for the grinding of the boxing 8 of the workpiece 6, 
arranged on the tailstock slide 4 is a cross slide 13 consisting of the feeding slide IS and 
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the slide 14 for stroke of the tool 1 1. The tailstock centering 10 is rotatably supported 
in the holder 16 which, in turn, is tightly screwed onto the tailstock slide 4. 

Fig. 2 shows an enlarged cross-section. The workpiece 6 is fixed using centerings 9 and 
1 0 in its machining position over its two chamfers 17 and 18 on the faces of the boring. 
The opposite^^urface of the chamfer 17 at the idler 9 within the range of its support zone 
19 is covered with a covering made of fine diamond or another hard material grains. In 
doing so, the torquesnecessary for providing the machining force, especially for the 
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genei?)ating grinding of the gearing 7, is sUp-fi:ee transfeired to the wor]q)iece. The axial 
pressiiik force for achieving the necessary torque is appUed by the centering 10 through 
flie beariSb^ 23 fix>m the holder 16, Not only the centering 9 but also the holder 16 are 
designed siidi that they lie outside of the collision contour 20 of flie grinding wotto 5. 
The centeringdO has a coaxial through-boring 35 and the centering 9 has a coaxial 
terminal boring^6. Both borings 35, 36 arc slightly larger than the finished diameter of 
the boring 8 of thWear 6, This is for an unhindered accessability of the bore by the tool. 

In Fig. 3, the workpiecc is mounted by means of centering 10 and 30 into its machining 
position. In comparison to the variant of Fig. 2, in this case, the workpiece 6 is held 
through the driving side centering 3p^not in the chamfer of the boring, but instead is 
centered at the usually available coupling gearing 21 and is driven by the ring-shaped 
face 22 w^hich, in turn, is covered with hard-material grains. On the side of the tailstock, 
the workpiece is, just as shown in Figs. 1 and 2, supported on its chamfer 18. Via this 
chamfer 18, again the axial force necessary to ^isure the drive transmission of the 
workpiece over the j&ontal surface 22 is provided. 

In Fig. 4, another version of a workpiece fixing is illustrated in which the workpiece 6 is 
centered on the driving side in the chamfer 17 of tiie boring 8 by means of a hard- 
material grain covered canier surface 19 and is supported on the side of the tailstock by a 
counter bearing 24 over the face 25 and the holder 16. 

The described types of fixings of the woriqjiece according to Figs.. 2 to 4 reqxiire a certain 
minimal size of the corresponding chamfers at the worlqiiece, so that the centering can 
properly be assured. As a rule, a sUght enlargement of the chamfer can be performed 
well because, in the built-in state of the gear in the area of the ends of the borings, the 
cages of the needle bearings are located and therefore these zones of the boring are not 
used , The inner diameter of the centering 9 and 10 is purposely arranged to be slightly 
larger than the finishing diameter of the workpiece boring 8, so that the tool can machine 
inward unhindered. 
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If a plane surface 27 on the workpiece 6 (refer to Figs. 3 and 4) should be machined in 
the same mounting, the outer or inner diameter 26, 29 of the centering 10, 24 has to be 
dimensioned such that a plane machining tool 28 has unhindered access for machining of 
the surface 27* In the version according to Fig, 3, the tool 28 is of course displaced in the 
circimiferential direction with respect to the grinding worm 5, such that the machining 
can be performed simultaneously. With a correspondingly available arrangement, for 
example, an additional grinding spindle with plane grinding disc, also this machining 
operation can be conducted at the same time as the other two» by which means an exact 
circular and plane running of all important functional surfaces on the workpiece can be 
ensured. 
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